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Abstract
Background
Wealth quintiles derived from household asset indices are routinely used for measuring
socioeconomic inequalities in the health of women and children in low and middle-income
countries. We explore whether the use of wealth deciles rather than quintiles may be
advantageous.
Methods
We selected 46 countries with available national surveys carried out between 2003 and
2013 and with a sample size of at least 3000 children. The outcomes were prevalence of
under-five stunting and delivery by a skilled birth attendant (SBA). Differences and ratios
between extreme groups for deciles (D1 and D10) and quintiles (Q1 and Q5) were calcu-
lated, as well as two summary measures: the slope index of inequality (SII) and concentra-
tion index (CIX).
Results
In virtually all countries, stunting prevalence was highest among the poor, and there were
larger differences between D1 and D10 than between Q1 and Q5. SBA coverage showed
pro-rich patterns in all countries; in four countries the gap was greater than 80 pct points.
With one exception, differences between extreme deciles were larger than between quin-
tiles. Similar patterns emerged when using ratios instead of differences. The two summary
measures provide very similar results for quintiles and deciles. Patterns of top or bottom
inequality varied with national coverage levels.
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Conclusion
Researchers and policymakers should consider breakdowns by wealth deciles, when sam-
ple sizes allow. Use of deciles may contribute to advocacy efforts, monitoring inequalities
over time, and targeting health interventions. Summary indices of inequalities were unaf-
fected by the use of quintiles or deciles in their calculation.
Introduction
The measurement of socioeconomic inequalities in health has received growing attention in
recent years,[1] and will likely be even more prominent during the Sustainable Development
Goals (SDG) era from 2015 to 2030. The third SDG (“ensure healthy lives and promote well-
being for all at all ages”) has an intrinsic equity component, and the tenth goal (“reduce
inequality within and among countries”), albeit focused on economic inequality, also high-
lights the importance of reducing disparities (https://sustainabledevelopment.un.org). SDG 17
calls for disaggregated analyses of targets according to socioeconomic status and other equity
stratifiers.
The availability of survey data in the fields of reproductive, maternal, newborn and child
health (RMNCH) has made it possible to systematically document socioeconomic inequalities
across countries and over time.[2] Based on principal component analysis of household vari-
ables including ownership of assets and housing characteristics,[3] families can be classified
into equal sized groups, usually quintiles, each including approximately 20% of all families.
However, there is no specific reason why one should use quintiles rather than say tertiles,
quartiles or deciles. Finer breakdowns (e.g. deciles) are as easy to analyze and may help identify
subgroups that are at higher risk of poor health or malnutrition, or that present markedly
lower intervention coverage than the rest of the population. Because recent national RMNCH
surveys tend to have larger sample sizes than in the past, there is good justification for trying
out alternative approaches to the use of quintiles.
Our analyses are focused on two indicators that are consistently and strongly associated
with socioeconomic position, namely coverage of delivery by a skilled birth attendant (SBA),
[2] and prevalence of stunting in children aged under five years.[4] SBA coverage tends to be
directly linked to socioeconomic position, thus showing a pro-rich distribution. In contrast,
stunting prevalence is usually higher among the poor.
Our analyses have two objectives. First, we compare results obtained through stratification
by wealth quintiles and deciles, and assess the degree to which socioeconomic differences may
be underestimated by reliance on quintiles. Second, we assess the extent to which stratification
by deciles may contribute to a better understanding of patterns of inequality, such as “top
inequality” (when the wealthiest group is considerably different from the rest of the popula-
tion) and “bottom inequality” (when the poorest group stands out from all others).[5]
Analyses are complemented by supporting information in which we estimate the precision
for selected RMNCH indicators stratified either by wealth quintiles or deciles, for a range of
survey sample sizes.
Methods
The data used in the present cross-sectional analyses are drawn from Demographic and Health
Surveys (DHS), which provide national probability samples of households from low and
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middle-income countries (www.dhsprogram.com). For each country, we downloaded the
most recent publicly available survey (as of October 2014) carried out between 2003 and 2013.
The other two eligibility criteria were that (i) the country was classified by the World Bank as a
LMIC during survey period and (ii) the sample size included at least 3000 children aged 0–5
years. On average, these samples would include 300 children per decile, a number that was
deemed sufficient for the proposed analyses (standard errors of 3 pct points or less for any
given level of prevalence).
The institution that commissioned, funded, or carried out the surveys was responsible for
ethical approval, as well as ensuring complete confidentiality of survey respondents. For each
country, we downloaded the most recent publicly available survey (as of October 2014) carried
out between 2003 and 2013 with a sample size of at least 3,000 children.
Data were obtained through standardized interviews with women aged 15–49 years. The
DHS wealth index scores are derived from the ownership of country-specific sets of household
assets and dwelling characteristics generated by principal component analysis. Each household
is then assigned a continuous asset score and samples can then be divided into categories
according to these values.
We stratified the sample of each survey down first in five (quintiles) and then in ten (dec-
iles) categories, each containing approximately 20% and 10%, respectively, of the households
in the sample. We referred to the first quintile (Q1) as the poorest and the fifth (Q5) as the
wealthiest quintile. Similarly, the first decile (D1) was described as poorest and the tenth (D10)
as the wealthiest. By definition, D1 and D2 were contained in Q1, and D9 and D10 in Q5.
We began by assessing within-quintile wealth disparities, particularly in Q1 and Q5, by
plotting the smoothed average values of the continuous standardized asset index, by centile.
These average values were calculated from the mean asset indices per centile across countries.
LOWESS smoothing was used.
Two dependent variables were analyzed–stunting prevalence and SBA coverage. Children
aged below five were classified as stunted if their height-for-age Z-score was more than two
standard deviations below the median value of the World Health Organization Growth Stan-
dards (www.who.int/childgrowth). The second outcome was delivery by a skilled birth atten-
dant, such as doctor, nurse, or midwife to assist with a woman’s most recent delivery in the
five years before the survey. Alternatives to using a skilled birth attendant included being assis-
ted by a traditional birth attendant, untrained health worker, relative, neighbor, or friend (or
unassisted deliveries). There was some variability among countries in what types of health pro-
fessionals were considered as skilled, in the context of each national health system;[6] our
results are consistent with the definitions used in each national DHS report. Both for stunting
prevalence and SBA coverage, results were stratified by quintiles and deciles of wealth index.
All analyses took into account sampling weights and clustering. The following measures of
inequality were calculated:
• extreme group differences for deciles (D1 minus D10) and quintiles (Q1 minus Q5);
• extreme group ratios for deciles (D1 over D10) and quintiles (Q1 over Q5);
• difference between the two poorest (D1 minus D2) and the two richest deciles (D9 minus
D10);
• slope indices of inequality (SII) using deciles and quintiles;[7–10] SII are expressed in per-
cent points and represent the difference in the outcome between the two extremes of the
wealth scale, obtained by regressing the outcome on the midpoints of the cumulative fre-
quency distribution of the wealth groups–for example, 0.1, 0.3, 0.5, 0.7 and 0.9 for wealth
quintiles, when the five quintiles have exactly the same number of children;
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• concentration indices (CIX) using deciles and quintiles; [7–10] the CIX is similar to a Gini
index, with individual children being ranked according to socioeconomic position on the x
axis, and cumulative SBA coverage (or stunting prevalence) on the y axis.
The two extreme group difference measures are further compared using the Wald test
(using the “test” command in Stata after running the two models) The difference measures
and the SII reflect absolute inequalities, while the ratio measures and CIX signal relative
inequalities.[7–10] Graphical displays include equiplots (http://www.equidade.org/equiplot.
php) in which each horizontal line shows the results by quintile or decile for a given country.
For characterizing patterns of inequality, (top, bottom and linear [5]), we examined the
relationship between national prevalence/coverage and the difference between the outcome
measures in D1 and D2 to signal bottom inequality, that is, marked variability at the bottom of
the wealth scale. Likewise, the difference between D9 and D10 by national level was used to
describe top inequality, or inequality at the wealthier end of the socioeconomic spectrum. We
calculated Spearman correlation coefficients between national coverage and the two patterns
of inequality and their corresponding two-tailed P levels.
Data analyses were performed using Stata SE version 13 (StataCorp LP, College Station,
TX, USA), taking the sample design into account.
Results
Data were available for 46 surveys for both stunting and SBA. The surveys included in this
analysis, with corresponding country name, survey year, UN region and sample size are listed
in S1 Table. Because the wealth index score is evaluated at the household level, and because fer-
tility varies with socioeconomic positon, the percentage of children in each decile varies. In the
countries studied, the poorest decile included on average 11.7% of the sample, and the richest
decile 6.9%.
For each country, we present the prevalence of stunting and SBA coverage at national level.
We also present these estimates for each wealth quintile and decile. Detailed results by quintile
and decile are shown in S2 Table and S3 Table, respectively.
Table 1 shows that across all available surveys, the average prevalence of stunting was 33%
(95%CI: 30–37) with a range from 8% to 58% (Table 1). Low prevalence countries included
Colombia, Dominican Republic and Jordan (<15%) and high prevalence countries were
Burundi, Madagascar and Timor-Leste, where one in two children aged under five, on average,
was stunted.
In Fig 1, we plotted the smoothed average values of the continuous standardized asset
index, for the 46 countries by wealth percentile. Within Q5, we can see that the slope of the
lines is much steeper than in the other quintiles, for several countries. This implies that there is
much more wealth variability within Q5 than in other quintiles. For a few countries, there is
also substantial variability in wealth within Q1. Such variability within a given quintile suggests
further stratification, e.g. in deciles, may be worthwhile.
Fig 2 presents equiplots (www.equidade.org/equiplot.php) of stunting prevalence by wealth
deciles for all 46 countries. Below each solid line showing the results by decile, national preva-
lence is shown as a diamond, and prevalence in the poorest (Q1) and richest (Q5) quintiles as
hollow circles. Countries are arranged in order of increasing national prevalence. For each
country, the widths of the solid line and dashed line represent absolute wealth inequality among
wealth deciles and wealth quintiles, respectively. All countries but Kyrgyzstan show higher prev-
alence among the poor than among the rich. In Egypt and the Maldives, the distance between
the extreme deciles is less than 10 percent points; on the other extreme, differences greater than
40 percent points are observed in Honduras, Bolivia, Cameroon, Nigeria, Nepal and India.
Wealth inequalities in maternal and child health in selected LMICs: Quintiles or deciles?
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Upon visual inspection, distances in stunting prevalence between D1 and D10 tend to be
larger than those between Q1 and Q5; the parts of the deciles lines that hang over the quintiles
line represent the additional, hidden wealth inequality between D1 and D10 not detected
when wealth quintiles were used. This is confirmed by the summary inequality statistics
shown in Table 2: only two countries (Senegal and Zimbabwe) have smaller differences
Table 1. Unweighted mean levels and variability of stunting prevalence and SBA coverage in 46 countries, showing national results and extreme
quintiles (Q) and deciles (D).
Group Mean 95% confidence interval Minimum Maximum
Under-five stunting prevalence (%) National 33.3 29.6 37.0 7.6 57.9
D1 (poorest) 42.7 39.0 46.5 14.8 68.9
D2 39.9 35.8 44.0 13.1 70.3
D9 24.3 20.5 28.1 2.6 51.8
D10 (richest) 16.9 14.0 19.8 0.1 40.5
Q1 (poorest) 41.3 37.5 45.2 13.9 69.6
Q5 (richest) 21.0 17.7 24.3 1.8 46.5
Skilled birth attendance (%) National 62.9 56.1 69.7 10.8 99.6
D1 (poorest) 40.4 32.4 48.3 1.0 99.4
D2 47.1 38.8 55.4 1.8 99.1
D9 85.1 80.2 90.0 26.9 100.0
D10 (richest) 93.0 90.8 95.2 69.8 100.0
Q1 (poorest) 43.6 35.6 51.7 2.1 99.2
Q5 (richest) 88.7 85.0 92.3 46.3 100.0
https://doi.org/10.1371/journal.pone.0174823.t001
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Fig 1. Average values of the standardized asset index, for the 46 countries, according to percentiles.
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between the extreme deciles compared to differences between the extreme quintiles. In
Burundi, Madagascar, Mozambique, Namibia and Nepal the decile gap is more than 10 pct
points greater than the quintile gap. In 37 of the 46 countries, there is statistical evidence
that the extreme-decile differences are wider than the corresponding extreme-quintile differ-
ences (p-value < 0.05). On the other hand, in countries such as Pakistan, Sierra Leone and
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Fig 2. Stunting prevalence by wealth deciles, also showing national levels (black diamonds) and
values for the poorest and wealthiest quintiles (hollow circles).
https://doi.org/10.1371/journal.pone.0174823.g002
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Tajikistan, no statistical evidence of such a difference is found. The same patterns are apparent
when comparing the D1/D10 and Q1/Q5 ratios. A particularly high D1/D10 ratio, equal to 106,
is observed in Jordan where stunting prevalence in D10 was only 0.1% (Table 2 and S2 Table).
In 32 of 46 countries, differences in stunting prevalence at the poor end of the socioeco-
nomic scale (D1-D2) tended to be smaller than differences at the wealthy end (D9-D10). The
Jordan
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Fig 3. Skilled birth attendance coverage by wealth deciles, also showing national levels (black
diamonds) and values for the poorest and wealthiest quintiles (transparent circles).
https://doi.org/10.1371/journal.pone.0174823.g003
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opposite was observed in the remaining 14. In Burundi, for example, the prevalence of 42% in
Q5 hides an important difference between D9 and D10, where prevalences are equal to 51%
and 30%, respectively (S2 Table).
Finally, the two summary measures that take the whole socioeconomic distribution into
account–the SII and CIX–provide very similar results both for quintiles and deciles, although
CIX tends to be very slightly larger when deciles are used.
Turning now to SBA coverage, the average value was 63% (95%CI: 56–70) in all 46 surveys
(Table 1). Country-specific national coverage ranged from below 30% in Timor-Leste, Niger,
Bangladesh and Chad to almost universal coverage in the Dominican Republic, Jordan and
Kyrgyzstan (S3 Table).
In contrast with stunting, SBA coverage shows pro-rich patterns in all countries (Fig 3,
Table 3 and S3 Table). Except for Kyrgyzstan, Jordan and the Dominican Republic where SBA
coverage is virtually universal, all other countries show differences of 10 percent points or
greater between the extreme quintiles. The differences between the extreme deciles are even
greater, reaching more than 80 percent points in Cameroon, Haiti, Nepal and Nigeria. Except
for Kyrgyzstan where national coverage is 99.1%, all other countries appear to have wider gaps
between D1 and D10 than between Q1 and Q5. In 28 countries, there is statistical evidence
that the two measures are different (p-value of comparison <0.05). The extreme example is
Ethiopia, where these gaps are, respectively, 74 and 44 percent points; this discrepancy is
largely because the coverage of 46% in Q5 is an average of the widely different coverages of
27% in D9 and 76% in D10. Similar patterns are observed when comparing the D1/D10 ratios,
which tend to be more extreme in all countries than the Q1/Q5 ratios, except again for Kyrgyz-
stan (Table 3).
In contrast with stunting, coverage differences at the top of the wealth scale predominated
in low-coverage countries, whereas in high-coverage countries the largest differences were at
the bottom of the scale (Fig 3).
Figs 4 and 5 show the associations between national levels and the degrees of bottom
inequality (indicated by differences between D1 and D2 levels) and top inequality (differences
between D9 and D10 levels). For stunting (Fig 4), low prevalence countries tend to show bot-
tom inequality, and high prevalence countries show top inequality. In other words, when
national prevalence is low, the very poor tend to stand out from the rest with much higher
prevalence. Conversely, when national prevalence is high, the very wealthy stand out because
of their lower prevalence. The Spearman correlation coefficient between national coverage
and bottom inequality was equal to -0.35 (p = 0.02) whereas that with top inequality was 0.69
(p<0.001).
The situation for the patterns of SBA coverage are in opposite direction (Fig 5). When
national coverage is low, the rich tend to be way above every other group; and when prevalence
increases, the rich tend to lag behind. The Spearman correlation coefficient between national
coverage and bottom inequality was equal to -0.38 (p = 0.01) whereas that with top inequality
was 0.79 (p<0.001).
Discussion
We used data from 46 national surveys to assess how using wealth deciles instead of quintiles
might affect the interpretation of the magnitudes in inequalities in maternal and child health
in low and middle-income countries. We selected two indicators, stunting prevalence among
children under the age of five years, and coverage with skilled birth attendants because of their
well-established associations with wealth.[2, 4] In virtually all countries, wealth was inversely
associated with stunting prevalence, and directly associated with SBA coverage. For both
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indicators, the associations with wealth deciles tended to be monotonic, that is, prevalence
declined and coverage increased for each subsequent decile.
As seen in Fig 1, evidence of higher wealth heterogeneity was observed mostly within the
two extreme quintiles, and thus we focused the analyses on these quintiles. We found some
advantages to using deciles when sample sizes allow. As might have been predicted from the
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Fig 4. Association between national stunting prevalence and differences between D1 and D2 (top) and
between D9 and D10 (bottom).
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stepwise association with wealth, comparison of outcomes in the poorest and richest deciles
usually resulted in larger differences and ratios than similar comparisons of the extreme
quintiles. In some countries, there were important within-quintile differences; for example,
in one quarter of the countries studied the difference in SBA coverage was greater than 10 per-
cent points between the poorest and second poorest deciles. Analyses using deciles may be
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and D10 (bottom).
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instrumental for advocacy and benchmarking purposes, e.g., reporting inequalities in terms of
distance from the best-performing subgroup of the population, as well as for targeting.
Summary indices of inequalities that take into account the whole wealth distribution of
the sample rather than only the extreme groups–such as the slope and concentration indices–
were not affected by the use of quintiles or deciles in their calculation. This finding is reassur-
ing for scientific audiences who are the main users of such indices, but may be less relevant for
policy makers to tend to rely on the more palpable statistics resulting from extreme group
comparisons.
Last, deciles were useful for revealing "top" and "bottom" inequalities.[5, 11] When national
stunting prevalence was low, bottom inequalities predominated—that is, there tended to
be marked gaps between the two poorest deciles. When national prevalence was high, top
inequalities tended to prevail, with larger gaps between the wealthiest deciles. Patterns for SBA
coverage were in the opposite direction: top inequalities when national coverage was low, yet
the rich managed to achieve relatively high coverage levels; and bottom inequalities when
national coverage was high but the very poor were yet to be reached. Use of deciles made these
patterns more evident than had the analyses been limited to quintiles.
Other than top and bottom inequalities, the use of deciles allows to document patterns of
inequality such as universal coverage and a linear pattern. The first refers to a situation in
which all subgroups report near 100% coverage. The use of quintiles may show a coverage of
say 95% in the poorest group, whereas the use of deciles may reveal that the poorest 10% are
the ones responsible for lower coverage in the poorest quintile. In contrast, if coverage is
indeed universal, it is obviously irrelevant whether quintiles or deciles are used. The linear pat-
tern (also known as incremental or queueing pattern (10)) describes a steady gradient, moving
from the poorest to the richest in approximately equal-sized distances between the groups.
When such a pattern is present, using deciles when sample sizes are sufficient may reveal
greater disparities than when using quintiles.
Our analyses have limitations. Information on the wealth index, under-five stunting and
SBA coverage were not available for all countries. According to the World Bank Income
Classification in 2010, our analyses covered 70% (28/40) of low income, 27% (15/56) of
lower-middle and 11% (5/45) of upper-middle income counties. We selected the year cut-off
of 2010 as this is the median (and mean) survey year of our all included countries. Global
results should be interpreted with this limitation in mind. Nevertheless, with 46 different
countries this is the largest set of analyses on this topic so far. The use of asset indices to
assess socioeconomic position is affected by the choice of assets and poor comparability
between urban and rural areas,[12, 13], but such indices are easy to compute and compare
well to more complex indicators of wealth.[3, 14, 15] The usefulness such indices is con-
firmed by our present results showing their strong and usually monotonic, associations with
nutrition and coverage. Another limitation is that due to higher fertility among the poor, the
actual numbers of children tend to be somewhat larger in the poorer deciles and quintiles
than in the rest of the sample.
Finally, use of deciles is limited by the available survey sample size. S1 Supporting Informa-
tion includes a spreadsheet with sample size calculations for precision according to quintiles
and deciles, for different sample sizes.
Our results suggest that, while wealth quintiles are useful for documenting health inequali-
ties, researchers and policymakers should also consider finer breakdowns, such as deciles,
when sample sizes are sufficient for such levels of disaggregation. Use of deciles may contribute
to advocacy and benchmarking efforts, monitoring inequalities over time, and targeting health
interventions.
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